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Elongated hollow strands were revealed on raw images and averaged by the correlation method images of 
the 30 S subunit of the E.cofi ribosome negatively stained by uranyl acetate. The tentative three-dimensional 
arrangement of the ‘strands’ and their nature are discussed. 
E.coli ribosome Electron microscopy Strand 
1. INTRODUCTION 
Morphological models of ribosomal subunits 
[l-3] and specifically of the 30 S small subunit of 
E. coli ribosomes have been based on the intuitive 
combination of several subunit projections cor- 
responding to their stable positions on the sup- 
porting film. An approximately quantitative esti- 
mation of the interrelation between these projec- 
tions was given by tilting experiments [4,5]. For 
analysis of electron microscopy images multivariant 
statistic analysis (MSA) has been recently used [6] 
which helped to reveal about 36 different classes of 
30 S small subunit images [7]. It would be impor- 
tant to reveal details of ribosomes that are smaller 
in size than those taken into account in mor- 
phological models. In other words, it is necessary 
to pass over to a description of the ribosome struc- 
ture with a higher resolution. 
Indications of the ribosome fine structure, 
which will be discussed below, were first detected 
in micrographs of the 40 S small subunit of rat 
liver ribosomes [8]. On some subunit projections 
we could visualize elongated ‘morphological do- 
mains’ or ‘strands’ 30-50 A in width. Due to the 
noise, the visibility of the domains in the individual 
images is not convincing. To increase the 
signal/noise ratio we carried out image averaging 
by optical and computer methods. Strands were 
also observed in the 40 S small subunit averaged 
30 S small subunit Subunit fine structure 
images. Strands were conventionally represented 
as rods with a round cross-section and uniform 
diameter. Fig.3a shows their tentative 3-D 
arrangement. 
A characteristic superposition pattern was 
observed in raw and averaged type (1) images (ac- 
cording to Lake [2]) of the 50 S subunit of the E. 
cofi ribosome [lo, 1 I]. This pattern can also be in- 
terpreted as a result of strand superposition. 
2. METHODS 
E. coli MRE-600 ribosomes were used. The 30 S 
subunits were obtained from ‘tight’ couples [12] by 
their dissociation and separation of the subunits by 
sucrose gradient centrifugation in 10 mM Tris- 
HCl, 100 mM NH&l and 1 mM MgC12, pH 7.5. 
Samples for electron microscopy were prepared 
using the single carbon layer technique according 
to Valentine et al. [ 131. Micrographs were taken on 
a Philips EM-400 microscope. For digitalization 
the images were scanned on a Perkin-Elmer PDS 
1OlOA automatic flatbed microdensitometer with a 
sampling distance corresponding to 5 A in a 
specimen. Calculations were performed on a 
Nord-100 computer. The correlation method (CM) 
was used for averaging [14]. Densities were nor- 
malized and spatial frequencies higher than 
l/l5 A-’ were suppressed. The quality of correla- 
tion was controlled by the correlation coefficient 
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FY(f,g) of the reference image f and the in- 
vestigated particle g. 
3. RESULTS 
‘Left’ and ‘right’ type (2) (according to Lake [2]) 
images were chosen as the object for visual pro- 
cessing and averaging. Similar images are fre- 
quently observed in micrographs of shadowed par- 
ticles [1] which allows one to presume that these 
projections correspond to the real structure of the 
particle. 
Fig.1 shows right images of type (2). In fig.la 
two strands in the elongated part (body) of the 
d 
Fig. 1. 30 S small subunits of E. coli ribosomes. ‘Right’ 
type (2) images (a-c) and ‘left’ and ‘right’ type (4) 
images (d). Negative staining by uranyl acetate. 
Magnification x 210000. ‘Strands’ are indicated by 
arrows. (a) Images in which the side of the subunit body 
facing the support is revealed to a greater extent. (b) 
Images where the side of the subunit body opposite to 
the support is revealed. (c) Completely stained particles. 
subunits are distinctly revealed. These strands look 
like hollow tubes the diameter of which is 40-50 A 
and the channel 15 A. Comparing the orientation 
of these strands with the morphological model 
(fig.3c) we presumed that in this case the part of 
the particle facing the support is revealed to a 
greater extent. Sometimes one can observe par- 
ticles (fig.lb) where the body is formed by two 
strands at an angle to one another. These two 
strands are associated with an asymmetric protru- 
sion, and in particles the side opposite to the sup- 
port is revealed to a greater extent. Particles where 
these two motives merge (fig.lc) represent, as we 
presume, completely stained subunits. In this case 
the fine structure of the subunit body can be 
represented as a pattern of the superposition of 4 
or 5 strands. The ends of two strands are 
sometimes revealed in the head region. 
In the left type (2), i.e., subunit images, situated 
on the support by the other side, indications of 
strands are also observed. In this case one can 
sometimes observe images in which the body is 
formed by two strands at angles. In contrast to the 
right images those are particles in which the side 
facing the support is mainly revealed. However, 
most particles are completely stained and their im- 
ages do not differ greatly from the right ones. 
On averaging it turned out that the set of images 
of one type visually breaks down into small groups 
of particles with an adequate correlation coeffi- 
cient. Fig.2a,b shows the results of averaging of 
the right images performed with different 
reference particles and a different number of im- 
ages. In this case as in some raw images hollow 
elongated strands are revealed. In the images with 
a lesser magnification (shown on the left) the 
strands are denoted by arrows and numbered 1, 2, 
3, 8 and 9. The same images in the right side are 
shown with a higher magnification and instead of 
strands their visible borders (‘walls’) are indicated. 
Fig.2c,d shows the results of averaging of the left 
images where strands 1, 2, 3, and 9, or their walls 
are indicated. 
Fig.ld shows left and right type (4) images (ac- 
cording to Lake [2]). Some of these particles are 
evidently flattened on the support. On the subunit 
body it is possible to observe the strand (evidently 
no.2, fig.3) making up right and left protrusions. 
Particles giving such projections are presumed to 
be connected with the type (2) particles by rotation 
22 
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Fig.2. Averaged type (2) images. In the left side 
(magnification x 475000) the strands are arrowed 
whereas in the right side (magnification x 650~) the 
strand borders are indicated. (a) Averaging by 9 
particles. Fig.la shows the reference particle. (b) 
Averaging by 14 particles. Fig.lb shows the reference 
particle. (c) Averaging by 6 particles. (d) Averaging by 
9 particles. 
through 90”. One can also see the indications of 
other strand images which are superimposed in 
these projections. 
For the 30 S small subunits one can obtain infor- 
mation on the arrangement of strands and their 
mutual grouping on the subunit surface from the 
type (2) images to a greater extent. The position of 
strand 2 in projection (4), shown in fig.ld, as well 
Fig.3. The models of spatial arrangement of strands in 
the 40 S (a) and 30 S (b) ribosome subunits and 
morphological model of the 30 S subunit (c) [l]. 
as the particle relief obtained as a result of shadow- 
casting and represented in the model in fig.3c were 
taken into account. As in the case of the 40 S small 
subunit, we represented strands as rods of a 
uniform diameter. Strands 1, 2, 3, 8 and 9 are 
revealed in the averaged images. Their grouping is 
in good agreement with the pattern of the one- 
sided images. Such a grouping seems to be the only 
one that allows preservation of the continuity of 
the morphological model. Some evidence of 
strands 4 and 5 existing is sometimes een in the 
raw images. In essence there are no data on the ex- 
istence and arrangement of strands 6 and 7. 
4. DISCUSSION 
The density distribution in averaged images is 
supportive of the strands having internal cavities 
or inner porous regions accessible to a certain ex- 
tent for stain penetration. The fact that the chan- 
nels are not revealed in the averaged images of the 
small 40 S subunit [S-lo] can be explained by the 
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essentially greater content of the protein compo- 
nent. The width of the strands on 30 S subunit im- 
ages is usually about 40-50 A and the diameter of 
the channels about 15 A. If it is presumed as 
before [8] that protein molecules partially sur- 
round regions of RNA consisting of alternating 
double-helical fragments, the appearance of the 
channels can be explained by penetration of the 
stain into these non-helical regions. The weak 
point of this interpretation is that there are 
numerous rRNA helical regions and, being inside 
the ribosomes, they can map out the stain in the 
same way as protein, i.e., these regions can be 
negatively stained. We can give another explana- 
tion for the strand structure presuming that 
double-helical regions of rRNA together with pro- 
tein molecules are included in the walls and form 
a superstructure. For example, 3 rRNA ‘loops’ can 
be folded into 3 start sloping helix. Each of these 
loops can be based on the double-helical rRNA 
regions. Fig.4a shows 3 fragments of double- 
helical rRNA in the ‘A’-form [15]. The helical pro- 
trusion of each fragment is located opposite the 
spiral groove of the neighbouring double helix. 
Thus, electrostatic interaction between phosphate 
groups which are situated along the helical protru- 
sion is decreased. Such a strand, like the particle 
on the whole, can be formed without protein 
molecules. In such a tentative superstructure there 
are sufficiently capacious grooves between the 
rRNA loops in some of which protein can be 
located (fig.4b). The maximum and minimum 
diameters of such superstructure are about 4.5 and 
b 
Fig.4. Tentative model of the strand molecular 
organization. (a) Three fragments of double-helical 
rRNA in the A-form. Helical protrusion of each 
fragment is located opposite the spiral groove of the 
neighbouring one. As a result, a sloping three start 
superhelix is formed. (b) Superhelix (a) in a different 
orientation. Protein molecules can be located in the 
spiral grooves. One of the protein molecules is 
tentatively shown. (c) Axial view of the superhelix. 
40 A, respectively, which is in good agreement 
with the size of the strands. The inner cavity of the 
superstructure remains empty and accessible for 
stain penetration. 
According to recent concepts, rRNA is a ready 
three-dimensional framework for the arrangement 
of protein molecules [16]. Thus, the rRNA tertiary 
structure is determined mainly by its primary and 
secondary structures. The attachment of proteins 
can change the structure in details. It is evident 
from fig.3a,b that the models of the three- 
dimensional arrangement of strands for the 30 S 
and 40 S subunits are alike. This is not surprising 
if we take into account that the secondary structure 
of corresponding rRNAs is similar despite the 
essential differences in the nucleotide sequence. 
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